The article presents a comparative analysis of various methods and conditions of extraction from the plant Nicotiana tabacum l, harvested in the Almaty region of the Republic of Kazakhstan in 2018. The study of extracts obtained by the traditional method (Extraction using non-polar organic solvents at atmospheric pressure) of solvent extraction in particular hexane, and the method of supercritical fl uid extraction, carbon dioxide, under various conditions of the process. Three different supercritical extraction modes were selected, namely: at a relatively low pressure of 120 bar and a low temperature of 28°C, at an elevated temperature with the same pressure (60°C, 120 bar) and at an elevated temperature and pressure (80°C , 170 bar). As a result of studying the obtained extracts by GC-MS, their qualitative and quantitative composition was identifi ed. It has been established that the largest number of various compounds is extracted by supercritical fl uid extraction at a relatively low pressure of 150 bar for this method and a low temperature of 28°C, but the most popular compound in the studied raw material, nicotine, is extracted with approximately the effi ciency similar to the classical method. To increase the yield of the target component, the extraction conditions were changed. As a result, a signifi cant increase in the degree of extraction of the target product was achieved under the following conditions: pressure 120 bar, temperature 60°C. Under these conditions, the degree of extraction was 47.40%. Conducted to control and more fully study the laws of the extraction process (at elevated pressure) showed less effi ciency, only 12.29%. This result is lower in effi ciency than the classical extraction method. From the data obtained, it follows that for the extraction of nicotine, a substance belonging to the class of alkaloids and which is resistant to thermal destruction, preferred and most effective, is the mode of supercritical extraction at a temperature of 60°C and a pressure of 120 bar.
INTRODUCTION
It is known that the composition of plant extracts directly depends on many factors, such as the temperature of the extraction process, the extraction time, the ratio of plant raw material / extractant and, of course, the main factor is the nature of the solvent or solvent system used. Depending on the tasks to be solved, a rich arsenal of organic solvents such as hexane, chloroform or benzene is used to extract biologically active substances. However, most organic solvents are highly toxic compounds; exhibit an accumulation effect, which requires the introduction of additional stages of cleaning the drug substance and additional methods of quality control of such preparations. These measures lead to an inevitable rise in price of the fi nal product. In addition, a signifi cant part of organic solvents are in one way or another petrochemical products, their price will inevitably increase in the future. In this regard, the last decades are actively studying and developing new methods for extracting complexes of biologically active substances from plant materials. Supercritical extraction methods turned out to be very effective and have a number of advantages. Supercritical fl uids have been investigated since the last century, and at fi rst the use of supercritical toluene in the processing of shale oil in the 1970s was of the greatest commercial interest. Supercritical water is also being investigated as a means of destroying toxic waste and as an exotic synthesis environment. In the fi eld of chemistry in the processing of plant materials, supercritical carbon dioxide, the critical temperature of which is 31°C, is of the greatest interest. Biological materials can be processed at 35°C, which contributes to their safety from thermal destruction. The density of supercritical CO 2 at a pressure of about 200 bar is similar in effi ciency to hexane, and the solvation characteristics during extraction are also similar to hexane; thus, it acts as a non-polar solvent. [1] The main advantage is that a slight decrease in temperature, or a slightly greater decrease in pressure, will lead to an almost complete precipitation of the target component. Moreover, under normal conditions, carbon dioxide is a gas, so after the extraction process is completed; it becomes possible to obtain extracts with no solvent at all. Examples of industrial products obtained using supercritical technologies include decaffeinated coffee, cholesterol-free oil, lean meat, rose oil, etc. The solvation characteristics of supercritical CO 2 can be modifi ed by adding a co-solvent such as ethanol, which can signifi cantly increase the effi ciency of extraction, however, the solvent residue in the product somewhat levels the main advantage of the process, which consists in the complete absence of impurities in the fi nal extract [2, 3] . As a plant raw material, we chose the plant Nicotiana tabacum l, due to the high content of biologically active substances in tobacco leaves, in particular, saturated and unsaturated fatty acids, fat-soluble vitamins, waxes, terpenes, terpenoids, pigments, alkaloids, essential oils and phytosterols, showing growth-regulating, fungicidal and insecticidal activity [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . It should also be noted that due to a drop in demand for tobacco products, there is a release of a large amount of high-quality plant materials. For comparison, two extraction methods were chosen, classical liquid extraction with hexane and supercritical extraction with carbon dioxide. Objective: study of the qualitative and quantitative composition of the obtained extracts.
Materials and methods
The classical method of extraction (Extraction using non-polar organic solvents at atmospheric pressure) was carried out with hexane in the ratio of raw materials \ extractant 1:10 with infusion for 72 hours at a temperature of 28ºС. The supercritical extraction method was carried out on a Thar SFE-1000 CO 2 -extraction unit under the following conditions: the temperature range in the reactor is 28-80°C, the pressure of CO 2 is 120-170 bar. The obtained extract was investigated by gas chromatography on an Agilent Technologies 7890N / 5973N GC / MS gas chromatograph with a mass selective detector under the following conditions: a DB-35MS column (30 mx 250 mm x 0.25 mm) was used, the helium carrier gas velocity 1 ml/min The chromatographic temperature is programmed from 40°C (holding 0 min) to 300°C with a heating rate of 5°C / min (holding 5 min). Detection is carried out in the SCAN m / z mode 34-800. The software Agilent MSD ChemStation (version 1701ЕА) was used to control the gas chromatography system, record and process the obtained results and data. Data processing included determination of retention times, peak areas, as well as processing of spectral information obtained using a mass spectrometric detector. To decode the mass spectra obtained, the libraries Wiley 7th edition and NIST'02 were used (the total number of spectra in the libraries is more than 550 thousand) [16, 17] .
Results and discussion
In the course of the work, 7 extracts were obtained under various methods and conditions of extraction. The data presented in tables 1-7 It should be noted that nicotine is often the target component in the processing of tobacco and the effectiveness of the extraction process is determined by its amount and completeness of extraction [18] [19] [20] [21] [22] [23] . Found a high content of organic acids such as sorbic acid and benzoic acid, a signifi cant content of hydrocarbons with a total content of 9.38%, a high content of vitamin A, retinol (13.78%), content of 1-heptatriacontanol (7.17%), which is a growth regulating agent. In the supercritical extract, a high content of organic acids, in particular, sorbic acid and benzoic acid, is noted; a greater number of compounds are also isolated. 31 compounds were identifi ed in the hexane extract, while in the carbon-dioxide supercritical -70 compounds. The content of the main product of extraction, namely nicotine, was 19.34%, which is almost identical to the content in the extract obtained by the traditional method of solvent extraction [24] [25] [26] [27] [28] [29] .
To increase the yield of nicotine, the conditions for supercritical extraction were changed, namely: the process temperature was increased from 28 to 60ºС. The results of the study, obtained under these conditions, the extract is presented in table 3. In the data presented in Table 3 , there is a signifi cant increase in the effi ciency of nicotine extraction of 23.70%, while in previous processes the yield was less than 20%. Compared with supercritical extraction at low temperatures, in this case there is a smaller number of identifi ed compounds -42, against 70, besides a large amount of compounds belonging to groups of alcohols and ethers were found in the extract obtained in the process with heating besides nicotine.
To determine the optimal mode of extraction, an extraction process was carried out at elevated pressure and temperature, namely: the extraction conditions of 60°C were established at a pressure of 170 bar, the data obtained after analyzing the total extract are presented in Table 4 . In the results of the analysis of the extract obtained at elevated pressure and temperature, we see a significantly smaller amount of extracted nicotine (12.29%), the total number of identifi ed compounds is less, only 28, which can be explained by partial destruction or by a change in the dissolving ability of carbon dioxide. Studied on the topic of literature the results indicated there indicate that in some cases the extraction proceeds more fully when the pressure is lowered and this leads to a change in the solubilizing indices of carbon dioxide. We decided to lower the pressure of the extraction process to 120 bar while maintaining the temperature at 60ºС. The data presented in Table 5 . The data presented in Table 5 indicate that under conditions of supercritical fl uid CO 2 extraction at a pressure of 120 bar and a temperature of 60°C, an extremely high yield of nicotine is achieved, which is 47.40%, and this is a very high fi gure for alkaloids.
Note that in addition to nicotine, its derivatives have been identifi ed: cotinine and nicotirin (Fig.1 ).
Figure 1: Structural formulas of Cotinine and Nicotirin
In addition, in the extract obtained under these conditions, the largest number of compounds (125) was identifi ed, but almost all of them, except for phytol acetate, are present in minor quantities. These changes in composition are explained by the fact that in supercritical processes, pressure and temperature are of decisive importance not only on the completeness of extraction, but also on the properties of the extractant [30] [31] [32] [33] [34] . For a more detailed study of the infl uence of the temperature factor on the process of extracting biologically active substances from the aerial part of Nicotiana tabacum l, extraction was carried out at a pressure of 170 bar and a temperature of 80°C. The results are presented in The content of table 6 indicates that the analysis of the extract of the plant Nicotiana tabacum l by the method of supercritical fl uid CO 2 extraction under conditions of 170 bar 80°C helps to identify a much larger number of compounds (85), to obtain benzoic acid with a high content (41.68%). However, the amount of nicotine produced under these conditions is 22.50%. This result for nicotine is comparable to the method of extraction with hexane and extraction at more, which is a factor of thermal destruction of low pressures. Thus, we can conclude that these conditions are not optimal for the effi cient extraction of nicotine. However, the selectivity of the process increases, namely: the dominance nicotine and benzoic acid with a large number of other substances found in minor or trace amounts. At the end of this phase of the work, an extraction was carried out under a pressure of 120 bar at a temperature of 80°C in order to establish the effect of a temperature rise at lower pressures. The data presented in table 7. The data presented in table 7 show that the temperature increase caused a signifi cant decrease in the effi ciency of nicotine extraction, compared with the result obtained at 120 bar and 60ºС. In the extract, the nicotine content decreased by 21.53%, that is, almost twice, moreover, the content of phytolacetate fell almost twice, which confi rms the pattern in the composition change. Also, despite the temperature increase in the extract, a large number of various compounds have also been identifi ed (93).
CONCLUSION
In this paper, a comparative analysis of liquid and supercritical extraction of biologically active substances from the plant Nicotiana tabacum l, harvested in the Republic of Kazakhstan, was conducted for the fi rst time.
For the fi rst time, optimal values of pressure and temperature have been established for nicotine release by supercritical fl uid extraction with carbon dioxide. For the fi rst time, the qualitative and quantitative composition of extracts obtained by supercritical fl uid extraction with carbon dioxide at various pressures and temperatures has been established. It should be noted that in all extracts the dominant compound is nicotine, which can be used as a standalone product, or oxidized to nicotinic acid. Data on the degree of extraction of nicotine with different methods and modes of extraction are presented in Figure 2 .
The carried out and analyzed modes of SCF extraction allow us to draw the following conclusions:
• An increase in temperature leads to a change in the properties of the solvent and does not cause ther- Figure 2 : Data on the degree of extraction of nicotine with different methods and modes of extraction mal degradation processes. This is evidenced by the analysis of the chemical compositions of the obtained extracts: at a relatively high temperature for a BAS(Biologically Active Substances), substances of rather complex composition were identifi ed. The reason for this may be the absence of an oxidizing agent in the system and a short heating time; • degree of extraction of nicotine at a pressure of 170 bar and a temperature of 80ºС was comparable with the extraction mode of 150 bar 28ºС, 150 bar 60ºС and 120 bar 80ºС; • as a preferred process, we propose a supercritical process with heating up to 60°C and a pressure of 120 bar, at which the recovery rate reached 47.40%. In this parameter, it signifi cantly surpasses the classical liquid extraction with organic solvent and the supercritical process without heating.
